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mm^] mmm 

mi\:mi}\ mmhy:^}m^mifim'if(Dnmicov^mbtzm(Dm.mmtm(D 
mMmic^^izfji^'ms.^mm hy:^)\ym%mtrim^iz.ma-t^r:i^0'mzm^ 
m^m^^zt.^mmiir^mM.'yy-^2^r^i2y.:^^v. 

{m^m2] hy:^;mm%m.mm^iz^i)mm^mm-t^hy:^)imM 

^tismjEJcu, 'pfjt<t^mmmnm^iz^^m&mr^n\f^mm^mmhy 

mm^:^^v^)v^<Dhy:^)im^mi^m'f(D-miz9mizmm^^r^^v h 

mmm^mLmmt. mm^:^^v^)vizmti^mm.^M^t^nmM^mt 
, mmi^y hmiz:Bi^^mmmm(D "i - t "o" (o^mizMfZ>t^m&tmm 
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im^m 5 ] mmmmm^itu o s f e t t-^ y , mmm'Mnmit^^- h 

, taiatf^y hUlcfel-t-SIBMIg® "1" i: "0" (DcfirBltcm-r-sm^^trffB 

^ ^ u -fe ;i/ *^ m $ 4t 7t ^ j:bi« L , tmmm ^m^ia-titmmt^m 

- K^C^M^M$4^Tl^^r il$:#^il•t'5il^S7^c|B«(D^^^^>^5^>r 
< ^ 2 o $ n T V ^ ^ :i 5: ^ f ^ 11^^ 4 * 8 |B^0a 
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mB:^ ^ v^Mzm^n^ LmB^mwL. mm h y:^-^jimum.ifrim^izm^L^ 
^tztiz^ V. msBhy^;imMMmm^i)^<^mm^m^iiitm3^^iiiLmmt 

. iffSBfcf'v hajcjsitsiB'HW^® "1" t "0" ofpmizMf^t^m&tmm 

:^^zt^n^t.-t^m^mi nzBm(Dmn.^yii^j^7^i2:^^=^Vo . 

[^^3^13] Brfiatf;y h^ti, mmhy:^)im^m.mm^(D±:^izmn 
•^n^zt^w^n^^m^^i 2{cfB«©^^^>^*AT^-fex^^'jo 

. [11^:^14] mmif^:^ hmiit. mmhy:^jvm%mtfim^(Dy:^izmm 
•^n^zt^nntir^m^mi 2izmm(DMM.^y^^r^iE7.:^=^'j. 

m^mi^] laia^-F^ii, mBhy:^jvm%m.mm'^(D±:^\zmn 

[0 0 0 1] 
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Z(D^mit. (Tunneling Magneto Resistive) ^^^iCj; 

^*AT^^-feX;jl^'J (MRAM: Magmetic Random Access Memory) iZM't^o 
[0 0 0 2] 

^^(D—DlZ. Roy Scheuerlein et. al. j; o Ttl^^ tlfc h :/ :^^;1/§J1§^^S 
tfi (Tunneling Magneto Resistive : JS^T, TMRi: Hgfa-t-S) mW^^mmbr=.:^'E 
U, V^;fo^^>^a^^>^*Ar^i2^^ ^UT&'^fe-S (M^li. ISSCC2000 Technica 
1 Digest p. 128 "A 10ns Read and Write Non-Volatile Memory Array Using a 
Magnetic Tunnel Junction and FET Switch in each CeH"S:#3^J „ 
[0 0 0 3] 

l?S^^>^*ATi7i2>c>l^Ulj:, TMR^^lCiU "1", "0" (Z)'1^$:IB 

1 0 tclH'H^ti'S'Mli, z-DO^m^Mi 1, 1 2(D:^\^y(D\ui^t>^^^nii^tr:i 
[0 0 0 4] 

Z.ZX% X\:fy(Dm^tf^^nt.lit. B|9 (a) K^t ^ Z) iZ 2 -D (Dm'\^M I 1 

. 1 2 (D:^\fy (Dk^i)mi:'X&^>^ t^M^b. RW-^fiiitm^ ih) i,zBt 

^^lZ2^(Dm^Ml I, 1 2 0X\fy0\^^-fym^^nX&^Zt^M^-t^ i 
[0 0 0 5] 

j&fe. jIS, 2^0m^Mii, 1 2(D-:^mizitBL^m^mi ^timn-^n 
mism(Dm'\^Mi i(D7<\£y(Dm^(D^^m.^^zt.iz^ij. mm^^Micm^ 

[0 0 0 6] 

4 aiE# 2003 - '3 02 5. 6 29 
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09 (a) lC^i-J:^{C, 2 0(Z)?^'[iM ^ U ® tf >M) 11, I 2(DX 

\£y(Dm^i$mrtt^'Dt=-^^. 2oc7)^ttJg 1 i, i 2\zWk'tt\fcmM 
mi ^^^t\^vy%)ynw±^<t^^). TMR^^i ooD^jji^l ihy%)\y 

msi) \tm^^<r^^o z(D^mi^ "i" t-^^o ttc. a 9 (b) izm-t^o 
iz. z-DCDm^M 1 1 , 1 2(Dx\^°>(D^^^ti<K^^mzfJi^r=.m^. zu^z-d 

[0 0 0 7] 
[0 0 0 8] 

LT®<#TMR^^MC 1 l-MCnmli, h ^) V ^ 
BBS^.tlS. Z.>ie)(Z)TMR^^MC 1 1 ~MC nmli, K^WL 
1~WL ni:bf^y>?^ (x-^MTO) B L 1 ~B Lm^^x^fe^ja^tCSBS 
^tl-So ^LX, ^^ii^li. M^bfctf^ji^^C- FOTL i (i = l~n) 
;&t>*lf *y h^B L j (j=l~m) JCSSS^rt^b. MiSH^WLi, B L j fC^tl 

7.}:fy(Dm^^ifymt^^ntr=.it^mfizr^ztiz^ <')mm^ti^o 

[0 0 0 9] 

mi 0iz^-tJ:^lz, m^7^^^^i^^ tf^v h^B L 3icii-:;?|6i{cioi 

\^x-:^m^rz.itm:^[^izM^omm^m'to m^jK^u- KjHwl 2^-^101 
ymt^^ni "1" (7):{^®) tr£^. -IS. m^'^^v-rm^i^2\zmi3mz 

^oiti^onM^^'tt^. TM.R^^MC 2 3(Z)^^UM®:^t°>(D|nI^li, \^y 

MtKm^i (.''O" d^^m) >itA^. 

[0 0 10] 

±|3TMRm^-MC 1 1 ^MCnmlZ^n ^\^ym<Dy.^y(D\pl^i:s^MiO^U 
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[0011] 

Ell l(7)TMRffi^lC^-r j:e)lC.> TMR^^®Easy-Axis (-0^^) ^lolica 

ifcT&^S 0 %@M(^)TMR^^t;#fjtlTV>S„ 
[0012] 

TMR^^fCii, Easy-Axis;5-|Rl(D?il^Hx iiHard-Axis (MiS.) :^{^<Dm^li 

y t0^^m^-t)mt^^. mi i(DmmRx:^mmz^Lrz^oiz. Hard-Axis:^ 

|Hl(^?^# H y :^ ^ $ J; o T , T M R|gi^(7)«# ^^^^fcib iZSm^^Easy 
[0 0 13] 

TMR^^<Z)r;<.-rn>f Kffi^li> i 2(D||?^T'^-tJ:e)lc^-5<. t 

^t)t), Easy-Axis;^fp](Dlll?.Hx t Hard-Axis:^ fnI(D1^#H y 

t^*'^r;^7^n-f Kffl^ (H^) (M^ii, MAcd^B) icfetvli, 

[0 0 14] 

mz. Easy-Axis:^tfi](Dil#Hx i:Hard-Axis:^|Bl(;0^#Hy i:(7)-^^!g?M#(Z):^ 

^S*«TX7^n-r KTO (MB) 0)\Hm a^cDfeg) ic&s^^icii 

[0015] 

^^^oT, Easy-Ax is:;^ Ip] 0^^!^ H X ^Hard- Ax is:^tBl(Dl^#H y iKD^^M^O 
i^^ 3 -ir^!^?^#(D:^^ $ 0 H X - H y TOp^Ic S r i: 

JCJ: 'J, TMR^^-{C#1-§x-^f®#^iA^2:M^-e^§o 
[0 0 16] 
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■ [0 0 1 7] 
[0 0 18] 

grille J; oT^Tt)ti-5o B«Mb?tj;^fc, "1" (Dmm'^mnm^mtmmM 
(Dmm'^mim^MtmmM(D:^\^y(D\^^t>m^j^^m^x^<'}. ^ot^o^n 
mfimif^^^tL^^ ip>ia-efes<. -isic, M*mLT-i/>A ni, ai 

= I p - I a Jb^:^^v^^^^f^v^„ J;oT, «J± V 0 5::^^ < LT i/^ttlf^^m L , 
*7-i;>A I lj::A:^<^ti-ee)Tfe'5*^; TMR^d^li^oMSglcM^ti-sm 

B'&fs^±^<ti:^\^EURl^i:i'^^y^hZ.}im^P.X^^^. Z.(Df=.m. m^\Z. 
[0 0 19] ' 

[0 0 2 0] 

it. m^mL^-i^'y^i<^<x^^m%^y^^2^r^'^^:^'^'^^^^^t^z. : 

^ o 
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#2 002-206171 



[0 0 2 1] 

z <D^m<DmM.^ > ^f"^ AT -fe ^ >^ ^ u li, h y:^jimmM.mfn.^mz ^ y m 
m^mm-t^ hy:^)im%m.tfim^t. mm h y:^)m%m.mm'f'^mmt^m 

mt. mno^m^n^LmK. mmhy:^^)vmM.mmm^o)mumtmti\ mmh 
y jim%m.mm^(Dmmiz oy^ ma l tc m<Dm,mmtm<DmM&^ic^^ iz 
^ mm 5: Iff SH h > ^ )m^^ifim'^ icm\\t^r=.i^<Dmmm^m^m^^zt& 

[0 0 2 2] 

i ^jmm^tm-t^ hy:^}m%m.mm'f't.. mm hy:i^)m%mmm^t:mm 
t^mum^ii^^t^^'^')iz)it. mm^f^^ev'^Mzm^iiiLmm^mL 
, mmmmm'^^ifrLxmmhy:^}v^ummm^izmm^m-tzt.i>z^<'). m 
mhy^)imM.m.iffim^ti''bmm^nw^m^iif,L.m^ii^M.mL. mmm^ 
ihhmmt. mm(Dm^iiiLmz. mmhy:^-^)im%m.tfim^izm\i'^t\^i>nB 
pr£<tL^mmmmm^i:.^^ns.m'^m^^m&^mmhy:^)\ym%m. 

[0 0 2 3] 

life, 3cDig0^(D^^^>^*AT^-fex^^ utt. \^y:^^jvmmumtfin^iz 
J: *)mn^mm-t^hy:^jm%m.um'f't. mmhy:^)im%m.iicm^<D-m 
izmm-^ nr^ifyhmt.mmhy^ jm^mmm^f^o^mmzmm'^ n y - f 
t^t. mB^^^v^zMzm^ii^hmB^mL.. mmhy^^vmn.m.mm'fizm 
m^mtzmzj: mBhy^jm^m.mm^i)-^^mm^m^mtm^ii!,Lm 
^t^M^mL. mmn^iiiLmm\t> mmc^m^n^^brnz. mmhy^jvmM.^ 
mm^(7)mmmtm^\ ^mhy^^jvmn.mmm^(Dmmiz o v$:Mtfe^® 
m.fn,mm(Dmnmizi^^izfj^:s>n.&^m\ii-^r^^(Dm&m^m^m?L^zii 
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[0 0 2 4] , 

±m<^^^^jtMmz^M. TMRm^(DURit(Di&r^mmb'D^. tmr 

[0 0 2 5] 

^mtm^{i!,bm^tLxm<-^y:kryf^fkmmhxm-tm^mx^^o 

[0 0 2 6] 

illC^-t*tI<> :>t^Ui2;i/r Iz-TMC Ali, ^^Uir;i/MC 1 l-MCnm 
^O'^vh U ^'X^;^{C@Bg$4^T#fi&$tlTV^§o # ;i U -fe ;HN/I C 1 l~MCn 

^m^) LT«&<MO S FET T r t^mXX^^^o ±tH#;i^ 'J ■fe;i/MC 
1 l~MCnmcfi(D#MO S FET T r (D>5f- h«MlCli, ^^mLa-Ki^ 
WL 1 ~WL n7b^^?#^Cg^^$4^TV^-5o rtl^jMO SFET TrCDV-xm 

#;>l^U-fe;i/MC 11 —MC nmtt»(7)MO S F E T T r (D F 

TMRI^^-1 0<D-aSg:6^g^^$tl, 3tl^TMR^^-l 0 (Dfl&Sili^J^lClf h 

^ (t-'-^:^^II) B L 1 ~B LmtCg^li^tl^a 
[0 0 2 7] 
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i^csLmf)W.^-^n^. ^io'yjAmm^-hcsG i-csGm(Bmm,mm 

[0 0 2 8] 

MOSFET T r ^/TLT h>'t^;H^^^M^^l 0^cm$^$:^L■t3h^CJ:^J- 
-e^So r(^ir>XT>^g|J5 0«, mW^U^l. MOSFET5 2Jtt)^:r'^T 
yf5 3, 5 4^$:-g■^-efil^!K^tlTV^5„ MOS FET5 2 (^)m?5K3ii^(Z)-S§g 
li, ^ A^^>!f- h C S G 1 ~C S G m(^)S?^iii^(^ff&i^fC^ji^ic^ tlT 
VN^o FET 5 2(Z)>!f- hm^{Cli:t^r>>^5 3®ffii;^*^^^ 

3(D#)K^A;^^ ( + ) tCli^m^Ymt j ^^PP^;P$tl-g> J:e)lC:OioTi.^^o 
[0 0 2 9] 

tfc. ±iaMO S FET 5 2(Z)S?^ilg&(7)ffi3gglCli, ^T^T 5 4 (Z)^NM^£ 

A;d5^ ( + ) Z.O):t^ryf^ 4<D^mA±im (-) {ci±am«^ 

y RE F^^mjpsn^o 

[0 0 3 0] 

^bX. ±|Hm^LiK5 ljb^f5±IBMOSFET5 2(D«SSaii«&(DfiS3SlC^m^ 
7!)«#^^ $ 4x -5 J; 9 {C J& o T V ^ S 0 
[0 0 3 1] 

r(Z)mSS-M5 1 TMR^^^l 0 ilMO S F ET T r $:j5StlS^^mL/« 
m&^^t-^feis?)0«?J^MSg|5i:bTill<^®l:\ Mx.«l 0 0 A~3 0 0 yti 

[0 0 3 2] 

^ 1 0 (Di^tfimtmf}\ h y )m^^ifim^ i o (DnmK o y^mMLtc^ 
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OSFET TrilTMR^^ 1 0 il(DW.^m^(Dn^iZ^\iin^tl^m^li\Ln 
[0 0 3 3] 

-FN(Z)mfe$:. ^^^mummi: y±.iaMO S FET T r 
.ffii^Tt^lijVNm^lC^^f'So $>-5V^^j:, ±|HMOSFET TrCD^T^^miC 

[0 0 3 4] 

MIC, ±myi-^ry^^,4iutmmtbxm<^(ox\ _hiaii'^y s^bl i- 

B LmlCfel-t-5fB'li7-*-^(7) " 1 " i: "0" (D^mz.M}^:t RE F 
tm^li!,Lr:imUt^itmt^:iiHz^i). IHm^*-^® "l" . "O- ^^rj^ 

[0035] 

±sa#>^^u ■fe;i/Mc 1 i—MCnrnti, mkismziz^-t ^^icm^-^tix 

VVS„ -t^b-^, PMi>';3>S« (P^s ub) 2 l(7)^^®JCli, STI ( 
Shallow Trench Isolation) fl^ 2 2, 2 3 7!)'^?^fi^$tlT^^-^'^il$tlT 

±iasT iMJDc2 2, 2 3 iz J: i) mm '^tir=.y')zi ymwi 2 KD^mmzit, m 

OSFET TrCDV-X, K U-Y N """McO^^i^tfiiCMilic 2 4 , 

2 5 7?)^0fig$4xTVAS/±lSy-X, FU^>'M^2 4. 2 5 T^CO U n >S« 

^I12 8©±fav-x, Kl/>f >Mii)c2 4, 2 5±izit. ziy^t ^ ht^-Jl2 9 
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, 3 0:^^?^fi^$tlTV^S„ 
[0 0 3 6] 

i:tHJir^$6^m2 Silica, HI M@(^^MM;^^ej^S v->^^3 i i:ifigi3 ' 

zi)m^-^nx\^^o ±mv-:^Bs lit. ±mziy'$t^ h^^'-}V2 Qmzm^ 

$tifc^My^^^*3 3 $:/M.T V-xMi|!c2 4 JC«^6^j(cg^M$ti. ilBBSIM 3 
2«, ±ian>^^' hy1%-;L'3 0p^lC?^J5g$tlfe.^M>^^^*3 4 $:/^LT KU>f 
> MJgc 2 5 SMSg g?^ $ n -5 o 
[0 0 3 7] 

±taMr^ii6i^i^2 8, y-x?^3 i^af@a?^3 2j:{c{i, ii2®Mr^ife^i^3 ■ 
z^mr^mmms ^<D±mmms 2±iz\,t. ay^^h^i^-jv 

ff^ii^^C?-^ K^3 7 ^@B)||3 STb^^^StvTVv^o 7 

So ±ia@H?^3 8ii, se?a3 2±ic?^figstiTfeu, ±ia3>^^h>^- 

;b3 6iciIi?)ji*nfc^M^^^'3 9 $:/M.T4ifa@dll3 2 iiS^fi^tcg^^^ti 
[0 0 3 8] 

±sa^2®MrBm?^M3 5, ±HH»^ii^':'- K^s 7;5:0'SBI|3 8±icti, 

ii3(DMr^iie^m4 otf^m^-^ti^o ^(Z)Mr^$fe^m4 o(D±ia@a?^3 8±(cii 

(D^MMj^^?>^<5M4 2;()'^?^fi^$nTVNSo '<De2?^4 2li, ±|B@B^M3 8 
h3fx-;i/4 l{ciIi?)32,^tifc^My^^4 3 $::frUT±taSB^3 8 
[0 0 3 9] 

±mm 3 ®Mr^$fe^)^ 4 0 _h^t>*±iaia?« 4 2 ±{c tin 4 (Dmmmmm 4 4 

:i<Z)Jfr^ilfe^ll4 4JCfelt'5±iaiH^4 2±(D#^ii^^t7-KI|3 7 

tc^Lfecfce>{c, 2o(?)§Sl^'ffiM (^^UM^ili'^M) 1 1, 1 2{cj;tlilfe^M 

12 mSE#2 0 0 3 - 3 0 2 5 6 2 9 
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TMR^^l OOXbfXDlRl^ti, ^ffitC^LTSia^^lBjT'fe^^T^^lBjTt):^)^* . 
[0 0 4 0] 

[0 0 4 1] 
[0 0 4 2] 

7(Cj:tJ. X>r ^y^^^'l^^-e&SMO S F E T T r LT, tf^y 
>,^4 5 7!)^e>TMR^i^l OjaO^MOS FET T r ^i^-LX \f ~ l^H 

[0 0 4 3] 

y =fo;!j^A3gf(>!f- hC SG(D:tym.1ffitMOSFET T v <D:tymtfit(Dm 
iZ^^mf±nr^rm'M<LX\^^^o :imc^-oX. MOSFET TriiXM 
RM^l 0 iKDmrn^CDn^izmU-^tl^nBlt. Vhi:U=bMOSFET 
T r<D;r>SfiltCJ:-5mmi^T^]^<^'5o <fcoT, TMR^i^ 1 0 ©MSglC^ 

[0044] 

r^lC, ±|HVh(Z)^il$:^^-tSo -^IC, TMR^i^l O li^(D]l|5^{CPP;&D 

$ -5 mjE 75?'^^ ^ R irbj^'ilgT 1- ^ ^ tt)^^ibtlX\^^S. Z(DMR }:hm\J 
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[0045] 

miMM2lZBl'f=.^O^J^lMO S F ET - 1 TMRMMR AM{Cfel-t^^ 
-tmtTURm^l 0 ilMOS FET T r ^mtl^mmiti^:^^ oV^^tfK 

M R =M R_m a X - k X E 

MTJ (Magnetic Tunnel Junction) ®®i5tR*^PPAnmjElC'fiSt# L^V^i:^^•t 

AI = E/R-E/' (R [1+MR] ) 
= E/RXMR/' (1+MR) 

d (A I) Vd E= 1/RXMR/ (l+MR) +E/RX1/ (1+MR) 
^ X d (MR) /d E 

= 1/RX1/ (1+MR) ^X [MR (1+MR) -kXE] 

= 1 / RX 1 / (1 +MR) ^ X [m + iT m- k X E] Im-i' m- k X E] 
t^jC^o ZZX\ 

m= 1 +MR_m ax 
T'^U, AHty= im-^Tm) /yiXmi^n^M^). E= (m + iTm) /kr* 
m^^U^M^). VliMR.ma x/k$:M;^'5-il^j:?5iV^:^)^e). AI :<)^:g::^1Bi: 

E = (m-/" m) V k 
T ^ -5 „ m 1 J: U /h $ CO T'^Tm 5: -5 > 

1 +MR_m a x/ 2 

E= (m--rni) /k= (l+MR_niax- [ 1 +MR_m a x/ 2] ) /k 
= MR_ni a x / 2 k 
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MR_ma x/2=MR_ma x-kXVh 
[0 0 4 6] 

tl^oT, Vh=MR_ma x/2 k ^1^5}^)^?), M tf^Mi^mtfj^^(Dlt. V 
[0 0 4 7] 

ET- 1 TMR§5fMRAMlC^VNT^^mbV~S;>S:S%:*:$<^^T;^-5o 
[0 0 4 8] 
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